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T h i s  r e p o r t  reviews t h e  p r o g r e s s  ~ m c ! e  o n  t h e  drvcloprxant  of a 

iiydrogen-osy!:eri (ki, -0 ) r e ~ ; ~ n e r a t i v e  f u e l  c e l l  ( s e c o n d a r y  

b a t t e r y )  u n d e r  >.;AS.-\ C o n t r a c t  : :1?S3-2781 d u r i n g  t h c  per i .od 

1 J ~ n e  1367 tiirouv,h 1 July W 6 7 .  ih r in l :  tliis p e r i o d ,  p r in :a ry  

ecl'iiasis w a s  p l a c e d  on the testin;: o f  s i n g l L .  c e l l s  w i t h  

mat r ix  s t r u c t u r e s  o f  p o t a s s i i m  t i t a n  i c e ,  T e i l n n ,  a id  asbestos. 

Reference c e l l s  wcrz asser.bltld ant! t e s t u d .  i ' a b r i c a t i o n  i s  

p r o g r c s s i n E  on the 28-vol t  5(3C)-v;it t F1i r ; i t t  P r o t o t y p e  F u e l  

C e l l  assexbly  . 

L 2  
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TEC 1% I C  AL DISCUSS 1 0 K  

2 . 1  SISGLE CELL - TESTS 

Ten s i n g l e  c e l l  t e s t s  were  conduc ted  clurin;; t i i i s  p e r i o d  t o  

e v a l u a t e  ; n n t r i x  and eleLtrodc c o n f i g : u r a t i o u s .  Test  r e s u l t s  and 

c o n s t r u c t i o n  v a r i a b l e s  o f  t h e s e  c e l l s  a r e  s u m i a r i z c d  i n  T a h l r  I .  

2 . 1 . 1  SLKGLE CELL N.A?’!~IX TESYIKG 

A matr ix  was made b y  for!,:ing a rollec! 0 . 0 3 0  KT-Tcilon co. . iposi te  

cn e a c h  s i d e  o f  a mtmLranc (50 p e r c e n t  K1, 50 p e r c c n t  T e f l o n  

p a s t e d  on 100 mesh s i r e e n ) .  

269 w i t h  a 0.060 s p a c e r  and 56 .1  gm o f  40 p e r c e n t  KOI1. Gotli 

The n a t r i x  WAS asse:-.5Led i n  c e l l  

t h e  EOS and Cynnanid e l e c t r o d e s  irert. u sed  i n  a p r e v i o u s  c e l l .  

The c e l l  h a s  L-an 676 c y c l e s  and t h e  test lias been d i s c o n t i n u e d .  

As c a n  be seen i n  F i ; .  1 there was l i t t l e  y e r f o n n a n c e  de ; r ada t ion  

i n  t h e  f i r 5 t :  300 c y c l e s .  Sul-sequent pe r fo rmances  howm7er f e l l  

o € f  more r a p i d l y .  Upon disassci l ibly ttlc f i n a l  KOli W A S  f o u r d  t o  

b e  3 5 1 .  T h e  p e r f o n n a n c e  d rop  canno t  be fron KOH c o n s u  ? t i o n .  

KO a s b e s t o s  was used  i n  th i s  c e l l  s o  one v a r i ? b l e  i s  e l i n i n a t c d .  

T h e  r e m a i n i n g  f a c t o r s  c a n  be P t  n i , : r a t i a n  a n d / o r  p r e s e n c e  of  

o t h e r  i m p u r i t i e s  i n  b o t h  t h e  KT and T e f l o n .  

3 
L. 
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Cel. ls  i ! '27S, ? 2 7 9  and ?281 h*crt? ;itte:T.pts t o  d u i ' l i c a t e  cell j i 369  

afnreineii t ioiiccl .  The m a t r i x  alloi.:i?d c r o s s  gas le,ilingc t o  o c c u r .  

E u b b J . e - t h r o u ~ h  t e s t i n g ;  slio1.q.e.d the  f o m u l a t e d  b a t c h  t!iese nnt r i  xes 

were nade from t o  be  d e f e c t i v c .  

A pressed compos i t e  m a t r i x  was f ah r i cL i t ed  :; i t t i  KT, a s h c s t o s  and 

T e l l o n  and s u c c e s s f u l l y  I n b o r , i t o r y  testt>:i. Another  rr .ntrix 0.060 

i n c h  t h i c k  was f a b r i c a t e d .  I t  was asst.c!?)led i .n  c e l l  .it374 w i t 1 1  

4 7 . 0 ~ ~  of 4 0 . 3  p e r c e n t  KOil c ? l c c t r o l . y t c  fit ic? a 0.059 i n c h  s p a c e r .  

The EOS and C:iannniid e l e c t r o d e s  l ia\~c bc,tn used  i n  p r e v i o u s  c e l l s .  

T h e  c e l l  h a s  run a t o t a l .  of 731 cyc1.e:: a n d  i s  . s t i l l  c:rclini:.  

F i g u r e  2 s1:ows t.ii:it t i le perfnrriancc. vas  no ; t  t x c e l l ~ ~ n t ,  n. '-4 ~7ol.t  

and above f o r  t h c  € i r s t  400 c y c l e s .  7'i:tl !jtsrf<>ri:.tince : 

h e l p e d  b y  the c l o s e r  spac i i i ; : ,  0 . C ~ j O  i n c i , .  'inc sii5sequc;it jicrf'orni- 

a c e  h a s  Jc..::ratlc.ii t o  he low 0. '? 7:ol t . 11% I r t !  t e r  c y c l e s  i i i d i c a t e  

ex t r eme  f l aod i i ip  ma:f b e  oi.,:iirrin::. Cyc1ir:q. of  t h i s  c e l l  \,;ill 

c o n t i n u e  i n  o r d e r  t o  f u r t h e t -  o b s e r v e  t h e  c f f z c t s  of  c v c l c  l i f e  

w i t h  th is  t y p e  of m a t r i x .  

, I - ,  

C e l l  ii.222 is c? d u p l i c a t e  o f  c c l l  C274 n!?ovt.. T h e  m a t r i s  i s  a 

p r e s s e d  c o r ; p o s i t e  o f  KT, T t . f l o n ,  3nd as'aesto'i:. Tile c l e c t r o i ! e s  a r e  

t h e  u s u a l  EOS/i\ricrican Cyan;i:rid conf  i ; :urat  i on .  The c e l l  has r u n  

a t o t a l  o f  30 c y c l e s  a n d  i s  s t i l l  c y c l i n v , .  F i g u r e  3 show.; t h e  

i n i t i a l  per forc :ance  t o  be  e x c e l l e n t  (0 .9b  t o  0 .95 v o l t  " i s c h a r g e )  

as was the i n i t i a l  400 c y c l e s  o f  c e l l .  #%74 above. 

The  m a t r i x  c o n f i c ; u r a t i o n  of c e l l  i t276 is  s imi la r  t o  c e l l  j1266. A 

0.040 KT ani: T e ' l u n  corriposite r o l l e d  mcrbrane  was f a b r i c a t s d  t h e n  

sandwiched  be twecn t v o  0.020 'KT-ashes tns  p a t s .  l h i s  m a t r i x  

c o n t a i n e d  45.1 p i  of 40.3  ptzsccnt K@ii and was i n s t a l l e d  w i t h  i 

60-mil spacer  i n  c e l l  1'276. l!le c e l l  c o n t a i n e d  t h e  u s u 3 1  EOS/.inerican 

Cyanamid e l e c t r o d e s .  Tbc c e l l  has run a t o t a l  of 344 cyclt?:; and 
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i s  s t i l l  r u n n i n g .  AS c a n  be s e e n  i n  J:iE. 4 ,  t h e  pe r fo r r i ance  i s  

good,  abovc  0.8 V ~ I I  t on  d i s c h  r r P e ,  arid pcirform,?Trr-e dL>:;rnd:ition i s  

slow. 
\ 

Cel l  1265 i s  a c y c l i n g  hydrogen conce i i t ra t ic>r i  c.cl 1.. I t  c o n t a i n s  

two J:OS Fi  e l e c t r o J c s  and has a 50 p e r c e n t  K7'-50 perccri! TCFLon 

nxn'2rnrie sandwichccl bctween two 40 p e r c e n t  KT-10 pCrct7rit a s b e s t o s  

m a t s .  A l l  t h e  KT was t r ea t ed  i n  100 C lXi! f o r  ont.  Iltjiir rind washed 

w i t h  d i s t i l l . 2 . d  l i ,  0. The. m a t r i x  c o n t a i n s  40 y n  o f  39 .  7 pc.rct:nt  KOII .  

A GO-mil s p a c e r  i s  bein:: u sed .  'Jyli<: c e l l  X;IS f1u~Iii : t l  : . r i & ' n  E,  $ a s  

wt;e,n 15'1 psi of h was in t roduccc l .  A c y c l e  o f  1.3 nrip c ! x r g e  f o r  

35 n! inutes  was s e t  up. The c e l l  lias r u n  1 7 1  1. c y c l e s  t o  d a t e ,  and 

i s  s t i l l  runniny, .  7i!:urC? 5 sliows t h e  performar!ce. Thc: -/i)ltak;e 

hiis s l o w l y  r i s e n  t o  a round  0 .35  v o l t s  and  clay liavc. stn!)l.ize.tl.  

2 

0 

L 

L 

2 

2 . 1 . 3  KEFERENCF CELTS 

In o r d e r  t o  c h a r a c t e l - i z e  f h c  i\nit'i-ican Cynna!uid arid EOS e l c c t r o d c > s  

u s e d  i n  t!ic F.0S f u e l  c e l l ,  r e f e r e n c e  c e l l  t e s t i n g  i s  b e i n g  c o x t i n u e d  

C e l l  $ 2 7 7  c o n t a i n e d  a n  1\1;+5 American Cyanamid oxygcn e l c c t r o d c  and 

a s t a n d a r d  i'OS e l e c t r o d e  (of 20 mg Pt/cm ) .  T h e  c i i l t r i s  xas  nnnt!e. 

of a p a s t e d  I<; .-TL 1 111  mtnbr-ane sand\;iclicd betTverri t w o  9:') ; ?e r t , en t  

2 
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I n  t h e  f u t u r e ,  a t te i l ip t s  will be made tisin!; t1iinr;cr wi res .  

x1 

Another  r e f e r e n c e  c e l l ,  ':2S0, was b u i l t  i n  t h e  s m e  inanner as above  

e x c e p t  0.015 i n c h  t h i c k  ieecl-throu:.~,li wire was used  for t h e  r e f e r e n c e  

e l e c t r o d e s .  T h e  c e l l  113s ru-,  55 c y c l e s  nnd d e n c ~ n s t r a t e d  good 

p e r f o m a n c e .  The t e s t  i s  s t i l l  i n  progress. F i g u r e s  6 and 7 show 

t h e  i n i t i a l  p o l a r i z a t i o n  c u r v e s  on charire arid d i s c h a r g e  f o r  t l i is  

c e l l .  F i g u r e  6 shows t h a t  t h e  m a j o r  p o l a r i z a t i o n  l o s s  o c c u r s  a t  

the. O2 electrode d u r i n g  c h a r g e .  

a t i o n ,  a con:binnti.on o f  a c t i v a t i o n  and 1'2 e f f e c t s ,  i s  shown by 

tile i n i t i a l  s t cep  r i s e  of  tlie 0 r e f e r e n c e  curve. S'igui-e 7 shotrs 
2 

tha t  thc l a r g e s t  p o l a r i z 3 t : i o n  l o s s  i s  o b s e r v e d  a t  t h e  i n i t i a l  s l o p e  

o f  t he  0, r e f e r e n c e  ci i rve a g a i n  showing a c t i v a t i o n  p o l a x - i z a t i o n .  

After ;i c u r r e I i t  d e n s i t y  o f  a b o u t  80 inA/cm 

are e q u a l l y  c o n t r i b u t e d  by b o t h  t h e  H 

t h e i r  s l o p e s  a r e  nearl:; e q u a l .  F i g u r e s -  8 ,  9 and 10 r c s p e c t i v e l y  

show r e f e r e n c e  r e a d i n z s  o f  c e l l  # 2 5 0  c y c l e d  a t  18  x.::;ps d.iscliarF,e., 

10 amps c h a r g e  and 10 asps dischar;ye,  10 m p s  cl iarge and 18 a n p s  

d i s c h a r g e .  All the c y c l e s  were e x t e n d e d  beyond t h e  n o r a a l  c h a r s c  

and d i s c h a r g e  l i i y i t s  i n  o r d e r  t o  observe t h e  e f f e c t . ;  o f  d r y i n g  and 

T h e  1ar);es t conponcnt of p o l a r i z -  

2 - 
tlic. p o l a r i z a t i o n  losses  

and O2 e l e c t r o d e s  s i n c e  t h e n  2 

f l o o d i n g  o n  t h e  e l e c t r o d d s .  As c J n  be  seen i n  F iL : s .  & ,  3 and 10 

the l a r s c s t  e f f e c t  caused  by d r y i n g  i s  an  i n c r e a s e  i n  t l le  c e l l  

i m p e d m c e .  Cy a g a i n  r e f e r r i n g  t o  I - i i r s  b ,  (1 and LO i t  is learned 

tha t  d u r i n g  f l o o d i n g  t h c  0 e l c c t r c l d e  i s  raost d v c r s c l y  c . f f e c t e d .  2 
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3. 

57, T e f l o n  a d d e d  b u t  ~ a v c  lnx t t r  b u b b l e  tiiroubgh t e s t  r e s u l t s  of 1.0 psi;:. 

T h i s  r e s u l t  may be caused  b y  t h e  ;~.xits c o n t a i n i n g  T e f l o n  beini: thiilner. 

Screenin;;  work will c o n t i n u e  on t l i i s  n o i i a s b e s t o s  composite. 
L .  

4 1 lO-?lL-37 19  
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SECTION 3 

I'LAXS FOR THE XEXT PERIOD 

0' 

S i n g l e  c e l l  c y c l i n q  t es t s  and l a b o r a t o r y  s c r e e n i n K  w i l l  be  c o n t i n u e d  

t o  e v a l u a t e  KT m a t r i x e s  of  d i f f e r e n t  t o t a l  v e i o , h t ,  e l e c t r o l y t e - t o -  

m a t r i x  w e i g h t  r a t i o s ,  t h i c k n e s s e s ,  coa ip res s ion  r a t i o s ,  and a d d i t i o n s  

o f  a s b c s t o s , T c  f l o n ,  p o l y p r o p y l e n e ,  and  o t i i e r  f i b e r s  t h d t  c a n  i x p r o v e  

the s t r u c t u r e  of t h e  n a t r i s .  Refp rence  c e l l  testin:. w i l l  c o n t i n u e .  

F a b r i c a t i o n  of ttie 34 c e l l  u n i t  w i l l  c o n t i n u e .  

4 1103IL- 3 7 2 1  
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SECTION 4 

FIS.4KCT AI, S'i ATE?iEX'l' 

:,lnn-hours and d o l l a r  e x p e n d i t u r e s  f o r  the p e r i o d  26 Xny 1967 

throu::h 23  .June l 9 b 7  were as follows: 

Direc t  l a b o r  hours 639 

D i r e c t  l a b o r  d o l 1 , i r s  $3,030 

P u r c h a s e  and co r imi t r i en t s  $6 ,803  

T o t a l  d o l l a r  e x p e n d i t u r e s  $1b,8?3 

!t 11 0 -1.11, 


